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Abstract 
Multi-focus image fusion combines relevant information from several images into a single image to provide maximum 
information content from the source images with different focal settings. These images are obtained from the sensors which 
cannot be able to generate an image with all the objects in focus. The information level or content in the multi-focus images has 
been measured using the focus measures and it is employed in the fusion of images with diverse focuses. A novel  method to fuse 
images using Index of  Fuzziness as a focus measure is proposed in this paper and it is compared with the existing focus 
measures like sum modified laplacian, spatial frequency, Variance and energy of image gradient. The performance analysis for 
the fusion process is carried out by means of a reference metric and a non-reference metric and it outperforms the other spatial 
domain methods 
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1. Introduction 
Recently, multi-focus image fusion is finding its importance in the field of remote sensing; military, optical 
microscopy etc,. It is obvious that multi-focus image fusion is a promising approach to deal with the sensor’s 
limitation of viable cameras. It is possible to capture an image with far and near objects in good focus using only 
two or three different focus settings. This proposes that one can acquire a series of pictures with diverse focus 
settings and fuse them to generate an image with extended depth of field.  
Various techniques have been suggested in the literature for the fusion of images with diverse focuses. 
These fusion approaches can be divided into two types, spatial domain and frequency domain methods. Either of 
these approaches can be employed at the pixel, block and region levels. The focus measure computation is the 
significant method in the spatial domain [1].The different focus measures studied in this paper are described in 
Section 2 and it is followed by the fusion process and experimental results.  
A focus measure is applied to measure the information level in the portions of the images or in the images 
as a whole. Various measures like energy of image gradient(EOG) [2,8], energy of laplacian of image(EOL) [2,4,8], 
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contrast visibility(VI)[4,8], Sum modified laplacian(SML)[2], spatial frequency(SF)[2,4,5] Tenengrad measure[2], 
variance(VA)[2,4,8] etc., have been proposed in the literature as  focus measures. The rest of the paper is structured 
as follows. Section 2 describes the proposed measure followed by the fusion scheme in section 3 and comparative 
analysis of the various fusion methods in section 4.  
 
 
2. Index of Fuzziness 
In image processing tasks such as enhancement, segmentation and classification the increase or decrease of image 
fuzziness plays a vital role[3]. The index of fuzziness (IF) quantify the information level in an image. For an M*N 
image block, the index of fuzziness is defined as follows. 
)1,min(2 mn
n
mn
mMN
IF   
                    (1) 
Where m n  is the mean value of all pixel values in an image. Higher the IF,higher the image quality. 
The images in Figures-1-(a), 2-(a), 3-(a) and 4-(a) are the original images  and  1-(b-d), 2-(b-d), 3-(b-d) and 
4-(b-d) are the blurred versions of the original images and the images are blurred using a Gaussian of radius  0.5,1.0 
and 1.5 respectively. The table-1 lists the IF values for the above mentioned images. It is evident from the table, the 
IF values gradually decreases with increase in blurring. This exhibit that, IF can be applied as a focus measure to 
determine the clarity of  an image.  
 
 
Figure-1 (a) polar bear          (b)                               (c)                                   (d) 
 
Figure-2 (a) Flower-1                (b)                             (c)                                    (d) 
 
 Figure-3 (a)Tree                         (b)                            (c)                                     (d) 
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Figure-4 (a)Flower-2              (b)                          (c)                                   (d) 
 
 
 
 
 
Table -1  IF Values  
S.No Polar bear Flower Tree Flower-2 
1 0.99999960644063 0.99999977909 0.99999982849 0.9999996691 
2 0.99999960635658 0.99999977865 0.99999982820 0.9999996683 
3 0.99999960617281 0.99999977858 0.99999982814 0.9999996681 
4 0.99999960594481 0.99999977850 0.99999982809 0.9999996679 
3. Multi-focus image fusion  
The diagrammatic representation of the fusion process is given in the figure -5. The fusion process is performed by 
partitioning the source images into sub-blocks and the focus measures were calculated for each block of the image. 
The sub-block with the maximum focus measure value is taken in the fused image.. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure:5 Block diagram of the fusion process 
3.1 Multi-focus image fusion algorithm 
The algorithm consists of the following steps, 
 Decompose the source images A and B into sub blocks into multiple windows. Denote the ith block in A as  
Ai and B as  Bi . 
 Compute the index of fuzziness value for each of the block in A and B. The pixel values have to be 
normalized before computing the measure. 
 Compare the index of fuzziness values of the corresponding sub-blocks in A and B 
 The sub-block with the higher index of fuzziness value sub –block pixel values are taken in the fused 
image. 
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4. Experimental Results 
 
Experiments have been carried out on various data sets and the sample results are given for the four sets of images 
namely,6 (a),(b), 7(a),(b), 8(a),(b) and 9(a),(b) are the right focus and left focus source images respectively. The 
fused results are given in the figures 6 (c thru. g), 7 (c thru. g), 8(c thru g ) and 9(c thru g) for SF, SML, VA ,EOL 
and IF methods correspondingly. The fusion performance of the proposed method is compared with the existing 
spatial domain methods like SF, SML, VA and EOL. The fused image quality is estimated using spatial frequency-a 
non reference metric and image fusion quality index(IQ)-a reference metric and the values of SF and IQ are listed in 
table-2 and table-3. It is observed that SF and IQ are high for the projected IF method and it outperforms the 
methods used in the comparison. 
 
Fig -6(a)Clock –Left  focus     (b)Clock –Right  focus 
 
(c)  -SF    (d) –SML 
 
                    (e)- VA                                              (f)- EOL                                          (g) -IF  
 
Fig -7(a)Book –Left   focus    (b)  Book –Right  focus 
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(c)  -SF    (d) –SML 
 
                    (e)- VA                                              (f)- EOL                                          (g) -IF  
 
 
 
 
Fig -8(a)Cup –Left  focus    (b) Cup –Right  focus 
 
(c)  -SF    (d) –SML 
 
(e)- VA                                              (f)- EOL                                          (g) –IF 
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Fig -8(a)Disk –Left   focus    (b) Disk –Right  focus 
 
(c)  -SF    (d) –SML 
 
(e)- VA                                              (f)- EOL                                          (g) –IF 
. Table-2 Spatial frequency values  
Method / 
Images 
S
F 
S
ML 
V
A 
E
OL IF 
Clock 1
.21E+11 
2
.03E+11 
3
.98E+11 
3
.19E+11 
4.20E+11 
Book 1
.71E+12 
1
.92E+12 
2
.61E+12 
2
.06E+12 
2.70E+12 
Cup 2
.97E+11 
5
.36E+11 
7
.23E+11 
5
.91E+11 
7.83E+11 
Disk 3
.95E+11 
6
.19E+11 
9
.59E+11 
6
.55E+11 
1.05E+12 
Table-3 Image Fusion Quality Index values 
Methods/Image
s SF SML VA EOL IF 
Clock 0.98168 0.98123 0.98884 0.98627 0.99396 
Book 0.97079 0.97292 0.97623 0.97432 0.97850 
Cup 0.98112 0.98119 0.99245 0.98159 0.99656 
Disk 0.95388 0.94985 0.97107 0.95417 0.98016 
         
The evaluation of fused images using some objective measures shows that these measures guide the choice 
of fusion algorithms and helps in improving the fusion performance. 
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6. Conclusion 
 
 A fangled algorithm for fusing multi-focus images in spatial domain is proposed using index of fuzziness. 
The technique is computationally straightforward and can be employed in real time applications. The index of 
fuzziness (IF) is found to be an image quality metric for blurred images like other measures (spatial frequency, 
visibility, image variance etc,.).Through this work the fusion process using fuzziness measure is superior to the other 
fusion procedures in spatula domain. This work can be extended to study various other focus measures and their 
efficiency and it can also be applied to other categories of image fusion. 
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